The length of a stump plays an important role when using a prosthesis. It is essential to have an adequate length in the stump in order to apply the prosthesis. Therefore, it is necessary to attempt to lengthen short stumps. The authors have reviewed the results in 2 patients who had such lengthening of stumps one due to traumatic amputation of the forearm at 6.25cm distally from the elbow and the other due to congenital deficiency of the radius and ulna treated by the Ilizarov techinque to improve the fitting of prostheses. Sixty percent (60%) and 40% lengthening was achieved respectively. At the end of the lengthening process, sufficient stump length for the prosthesis was achieved. There were no major complications. As a result, it is believed stump lengthening is a valuable method for cosmetic and functional use of the prosthesis. The Ilizarov Technique is an effective method of lengthening of a stump and it does not require a tissue expander in selected patients. Patients have been able to use their prosthesis 6 months after surgery.
Introduction
It is not always possible to obtain an ideal stump length for prosthetic fit and achieve ambulation after a traumatic amputation. It is sometimes necessary to amputate at a level very close to the joint, due to the extent of the initial trauma. In these cases, it may not be possible to apply the prosthesis successfully to the short stump and attain function in the adjacent joint. The length of the stump must be considered All correspondence to be addressed to Haldun Orhun, Ugur Sokak Polis Lojmanlari A/Blok, D:24 Kosuyolu, Istanbul 81190, Turkey. Tel: (+90) 532 267 69 63; Fax: (+90) 216 442 99 55 E-mail: orhunh@hotmail com during revision surgery. On the other hand, congenital short amputations at trans-fibular level are another challenging condition for the effective use of a prosthesis. In these listed conditions, the provision of functions with a prosthesis is a long standing challenge. With the Ilizarov procedure, it becomes possible to restore function to an amputated limb while retaining the adjacent joint. (Ege, 1981) .
There is not a large literature on stump lengthening. One can find several case presentations (Persson and Broome, 1994; Eldridge et al, 1990; Moseley, 1991; Moss et al, 1985; Tetsworth et al, 1991; Younge and Dafniotis, 1993; Latimer et al, 1990; Strieker, 1994; Kour et al, 1995; Horesh et al, 1998; Park et al, 1997; Alekberov et al, 2000; Mertens and Lammens, 2001; Pelissier et al, 2002) . In the authors clinic two patients, one with traumatic forearm amputation and one with congenital amputation of forearm have been treated with Ilizarov method in order to obtain efficient use of a prosthesis. Ilizarov fixation was applied using one full ring proximally with 2 wires and s second ring with 2 wires placed as distally as possible. All the wires were inserted in order to transfix the radius to the ulna. Subperiosteal corticotomy was then performed in the metaphyseal region of both bones. Distraction began after 6 days at 0.25mm 4 times daily until sufficient length had been achieved. The frames were then retained until solid radiological union was seen.
Casel
A 23 years old male sustained a severe electrical strike to his forearm where he was 6 years old, resulting in amputation of the forearm at the level of the proximal radius and ulna. In 1990, attempts at applying a prosthesis were unsuccessful. When the authors saw the patient in the clinic in November 1994, the shortness of of the amputation stump was considered as the cause of the failure. In his physical examination, there was enough motor strength for flexion and extension of the forearm. The radial head was dislocated and the length of the ulna was 6.25cm ( Fig. 1 ). The soft tissue coverage was enough for distraction-osteogenesis procedure. In order to obtain 12cm of stump length in the forearm, an osteotomy of bone on ulna was performed and distracted with the Ilizarov method with a rate of lmm lengthening per day (Fig. 2 ). There was a total of 3.6cm length at the end of lengthening ( Fig. 3 ). No soft tissue coverage problem was observed after the end of lengthening. In the fourth month postoperatively, the fixation device was removed after observation of enough consolidation at the distraction site. An intensive rehabilitation programme was introduced during the lengthening and consolidation period. The stump has been strong enough for carrying 6kg weights after treatment. There was no neurovascular complication. Three weeks after the removal of the fixation device, a forearm prosthesis was applied. The patient is using the prosthesis sucessfully for grasping, carrying and pulling objects at the current time (Fig. 4) . The strength of the pincer grip of the prosthesis was equivalent to 2.8kg when the elbow was in extension and 6.7kg when the elbow was in flexion.
Case 2
The second patient is 10 years old with congenital deficiency of the right forearm and congenital right fibular hemimelia. The only bone in his right forearm was the ulna, and the length of the ulna was 5cm (Fig. 5 ). The calcaneus was located above the malleolus and posterolateral to the tibia in a vertically oriented position. He did not have the fourth and fifth digits on his right foot. Both the ulna and tibia were lengthened simultaneously with the Ilizarov method with a rate of lmm lengthening per day (Fig. 6 ). The fixation device was removed after observation of enough consolidation at the distraction site. The ulna has been lengthened 2cm, which is 40% of the initial Fig. 2 . Postoperative photograph of the first case. Fig. 4 . Functional results of the first case after treatment. length (Fig. 7 ). There were no soft tissue problems and neurovascular complication. The final length of the ulna at the end of the lengthening process was 7cm. It was sufficient to apply a trans-fibular prosthesis, which was effectively used by the patient for grasping, carrying and pulling objects (Fig. 8) . The stump has been strong enough for carrying 4.5kg weights after treatment. The strength of the pincer grip of the prosthesis is equivalent to 0.8kg in extension and 3.4kg in flexion. A total of 5cm lengthening was obtained in the fibula. In these 2 patients, the response of bone lengthening was perfect. There was neither joint instability, joint contracture, nor pin tract infection.
Discussion
Attempts to restore the discrepancy in limbs have been on the agenda since 1741, but they became popular after Wagner in 1978 (Tachdjian, 1990 ). In 1987 De Bastiani (Tachdjian, 1990 Tooms, 1987 ) described a more practical system. On the other hand, Fig. 7 . Radiographic results of the stump after lengthening of the second case.
Ilizarov (Tachdjiam, 1990 ) introduced his circular system earlier in 1951.
Operations for lengthening short stumps first began in the 1980s (Moseley, 1991; Telsworth et al, 1991) . Moss et al. (1985) lengthened a short femoral stump and obtained enough length in the femur for the functional use of a prosthesis. Eldridge et al. (1990) reported a five years old patient with a short tibial stump in 1990. In this patient, after performing several soft tissue procedures, the stump was lengthened 13 years after the initial trauma. Sufficient soft tissue coverage is the most important factor for a good outcome whereas limitation of adjacent joint function may have a detrimental effect on the clinical results. Park et al. (1997) have made myocutaneous flaps using the gastrocnemius muscle for coverage of the tibia stump before lengthening, and lengthened the stump by 7cm without any soft tissue problems. Kour et al, (1995) discussed a composite free latissimus dorsi musculocutaneous flap for trans-fibular amputation cases for coverage of the stump end. He has reconstructed a forearm by this flap with Ilizarov lengthening system. Kour et al. have recommended a free flap that can provide gliding soft tissue to the elbow joint, with deep fascia and muscle components of the flap contoured round a bony stump so as to allow bone transport within a soft tissue envelope. Strieker (1994) reported that distraction histogenesis ultimately limited the result by impending necrosis of adherent skin covering the tip of the stump Alekberov et al. (2000) reported that there were no signs of protrusion of the bone through the skin, and rounded ends for all the amputation stumps, including a patient with divergent radius and ulna treated by lateral distraction. The authors also did not get any soft tissue problems during the lengthening in their cases, and both patients had enough soft tissue coverage of the end of their stumps. Persson and Broome, (1994) reported lengthening a short femoral stump. Girgin (1995) reported 2 cases the first was an 18 years old patient with syndactyl and congenital anomaly in his hand who experienced phalanx and metacarpal lengthening procedures and began to use a glove type prosthesis. The second patient had a transfibular amputation with a 3cm ulna. The ulna was lengthened 4.5cm, and the patient began to use a prosthesis after this lenthening. The length of the stump plays an important role when using the prosthesis. As it is difficult to obtain a functional limb using a prosthesis with a short stump, lengthening of the short stump appears to be the solution. Bernstein et al, have reported on 13 patients with short upper limb amputations that were lengthened and discussed the cases. Some patients do not utilise a prosthesis full time and are able to use their stump more effectively (without the prosthesis). These facts may call into question the value of lengthening these stumps and one cannot find too much information in the literature. Most patients with short stumps, accept it as a severe disability, while health professionals may not correctly recognise the severity of disability. This observation has led the authors to investigate this subject.
Conclusion
The increase of function in the patients hands at the end of treatment supports the opinion of the important effect of short stump on the patient's life. The 23 years old patient is more successful in both his job and in his social life after the operation. Besides these observations, a smile on the 10 years old patient's face while using his prosthesis provides encouragement.
The highlight of these observations is that it is believed all cases with short amputation can obtain satisfactory results when the opportunity for using a functional prosthesis is given.
